Bioassay-guided fractionation of an active crude extract (EtOAc) of polyfollicles of Magnolia vovidessi, an endemic medicinal plant of the cloud forest of Mexico, led to the isolation and identification of shizukolidol (1), an eudesmane-type sesquiterpenoid lactone that showed antibacterial activity against the economically important phytopathogenic bacterium Chryseobacterium sp. (MIC= 400 µg/mL). In addition, 4α,8β-dihydroxy-5α(H)-eudesm-7(11)-en-8,12-olide 8 (2), rutin, scopoline and scopoletine were also isolated as were mexicanin, parthenolide, costunolide, astragalin, quercetin, hesperidin, p-coumaric acid, chlorogenic acid, vanillin, vanillic acid, 4-hydroxybenzoic acid, protocatechuic acid and shikimic acid identified by a dereplication-like procedure using LC-ESI-MS/MS. Rutin displayed mild anti-oomicite activity against phytopathogen Phytophthora cinnamomi.
The losses in legume and fruit production due to pathogenic microorganisms represents global economic losses of 10-40% per year [1, 2] . This is a world problem since conventional methods to control plant pathogens use synthetic pesticides and agrochemicals that can cause severe environmental damage, higher production costs, pathogen resistance and human health risks. In this regard, plant natural products are promising alternatives to control plant pathogens. [3] [4] [5] [6] .
Magnolia vovidessi (Vázquez, Domínguez-Yescas and Carvajal) [7] previously described as Magnolia dealbata Zucc, synonym of Magnolia macrophylla var. dealbata (Zucc) D. L. Johnson [8] is a deciduous tree endemic to the Mexican cloud forest used in traditional medicine. Infusions of flowers and bark are used to control heart disease, anxiety, epilepsy and hypertension [9] [10] [11] . It also has antimicrobial activity on plant bacteria, such as Clavibacter michiganensis subsp michiganensis, that affects tomato crops [12] . Recently the inhibitory activity of an ethyl acetate (EtOAc) extract of M. vovidessi polyfollicles on the agriculturally important phytopathogenic bacteria Pectobacterium carotovorum and Pseudomonas cichorii has been reported [13] but the bioactive phytochemicals have not been identified. Even magnolol and honokiol, bioactive lignans present in the genus Magnolia, [14, 15] have not been identified in the pollyfolicles of M. vovidessi. So, the main goal of this study was to identify the compounds in the EtOAc extract of M. vovidessi polyfollicles responsible for the antimicrobial activity by bioassay-guided fractionation using Pseudomonas sp., Pectobacterium carotovorum and Chryseobacterium sp. as test bacteria and Phytophthora cinnamomi as test oomycete that also damage crops [16, 17] .
In order to identify additional bioactive compounds in the (EtOAc) polyfollicle M. vovidessi extract (MCE), a dereplication analysis was carried out by LC-ESI-MS/MS using dynamic multiple reaction monitoring (dMRM) as the acquisition method of the spectrometric fingerprints and co-analysis with a total of 30 commonly occurring phytochemicals either commercially available or isolated in house. The compounds identified were mexicanin, parthenolide, costunolide, rutin, astragalin, quercetin, hesperidin, scopoletine, scopoline, p-coumaric acid, chlorogenic acid, vanillin, vanillic acid, 4-hydroxybenzoic acid, protocatechuic acid and shikimic acid (Table 1) , some of them with previous antimicrobial activity reports on human bacteria [18] [19] [20] [21] and present in several species of magnolias [22, 23] .
The sesquiterpene lactones parthenolide and costunolide have been reported in several species of magnolias with allelopathic [24] and antibacterial properties [25] [26] [27] , as well as antifungal activity. The latter was reported for phytopathogenic fungi such as Nigrospora sp., Helminthosporium sp., Alternaria alternata, Colletotrichum acutatum and C. fragariae, among others [28, 29] . While the MCE extract has anti-oomycete activity as shown by its inhibition of the growth of Phytophthora cinnamomi (Table 2) , none of the identified compounds showed significant antimicrobial activity even at the highest concentration tested (data not shown).
After MCE liquid-liquid fractionation, the activity of the hexane (MCE-1), EtOAc (MCE-2) and MeOH-H 2 O (MCE-3) primary fractions were tested against plant bacteria pathogens P. carotovorum, Pseudomonas sp. and Chryseobacterium sp ( observed with MCE-2 and MCE-3 against Chryseobacterium sp. and Pseudomonas sp., respectively with an inhibition similar to oxytetracycline, the reference compound used as positive control (Table 3) . MCE-2 and MCE-3 also showed anti-oomycete activity against P. cinnamomi (Table 2) . All treatments are carried out at a concentration of 2 mg/mL. The inhibition is expressed in percentages as means of three replicates ± standard deviation.
MCE-2 was fractionated by column chromatography (CC) in silica gel (SiO 2 ) yielding fractions MCE-2-1 to MCE-2-19, of which only MCE-2-8 and MCE-2-10 showed antibacterial activity against Chryseobacterium sp. similar to the positive control (Table 3) . MCE-2-8 was further chromatographed to obtain MCE-2-8-1 to MCE-2-8-22. MCE-2-8-7 and MCE-2-8-12, displayed a MIC value of 200 µg/mL and a MBC value of 400 µg/mL against Chryseobacterium sp. MCE-2-8-10 showed a MIC of 400 µg/mL while the MBC was higher than 1000 µg/mL acting only as bacteriostatic. The diameters of the inhibition zone are means of three replicates ± standard deviation. All the fractions are carried out at a concentration of 10 mg/mL. (Figure 1 ). The spectroscopic values (Table 4 ) agreed with some of those previously reported in the literature [30] [31] [32] , but full NMR assignments for this compound have not been previously reported. The 1 H NMR spectrum of shizukolidol displayed two singlets at δ H 1.08, 1.24 for methyl protons 14 and 15, a doublet at δ H 1.87 (J=1.9) for the 13-methyl group due to homoallylic coupling with H-6α at δ H 2.46 (ddq J = 17.1, 3.8, 1.9 Hz), a singlet at δ H 5.60 for H-9, and a dd at δ H 3.06 (J = 17.2, 3.5 Hz) for H-6β. 13 C and DEPT135 NMR displayed 15 signals consisting of four methylene, three methyl, two methyne and six quaternary carbons. The signals were assigned as δ C 173.47 to the carbonyl group, 121.3, 122.0, 149.5, 151.6 to the C=C and the quaternary carbon at δ C 72.41 to the C-4 carbinol function; the signals at δ C 8.4, 20.0, 22.5 were assigned to the methyl groups at C-13, C-14, C-15, respectively. The remaining carbons were assigned to their respective protons based on the HSQC and HMBC experiments. Thus this compound was confirmed to be the eudesmane-like sesquiterpenoid lactone shizukolidol (1) which showed an inhibitory activity against Chryseobacterium sp. with a MIC value of 400 µg/mL (1.61 mM). The presence of an extra hydroxyl group was assigned to C-8 (δ C 105.7) by HMBC correlation with H-9α and H-9β. The rest of the 1 H-NMR spectrum displayed the same signals as shizukolidol. The differences in this compound were signals at δ C 8.23, 19.9, 22.7 that were assigned to the methyl groups C-13, C-14 and C-15, respectively. Two coupled signals at δ H 3.0 (J = 13.0, 2.8 HZ) for H-6β and 2.20-2.26 (m) for H-6α had the same cross peak in HSQC with C-6 (δ C 22.6), and a long-range coupling with C-13 seen in the COSY experiment. Therefore, the structure of this compound was established as the 4,8-dihydroxy-5α(H)-eudesm-7(11)-en-8,12-olide (2) and corroborated by comparison with the literature [32] . This compound did not display any antibacterial activity in our assays (data not shown).
MCE-3 was fractionated by CC in SiO 2 obtaining 19 secondary fractions that were evaluated for anti-oomycete activity on P. cinnamomi. None of the fractions displayed a relevant inhibitory effect. Nevertheless, rutin was isolated as a yellow precipitate from MCE-3-15 and identified through the co-elution with an authentic standard. Its anti-oomycete activity was tested and it displayed a growth inhibition of 30% in day three at 200 µg/mL. Scopoline was also isolated as a white precipitate from MCE-3-14 and identified through mass spectra and NMR analysis. This compound presented no antimicrobial activity (data not shown). The MIC observed for shizukolidol against Chryseobacterium sp. was 400 µg/mL. This value could be considered high compared with commercial antibiotics against other microorganisms but it is interesting because the test antibiotic (oxytetracycline) displayed a MIC value of 100 µg/mL in Chryseobacterium sp. This Gramnegative bacterium affects vegetables such as chayote (Sechium edule) [17] , which is an important economic and cultural crop in Mexico and calla lily (Zantedeschia spp., family Araceae) a notorious ornamental plant in Poland [16] . This plant pathogen is resistant to multiple antibiotics [37] , so the finding of active compounds that could help to control this pathogen is agronomically important with possible applications in the public health area [38] . Along with shizukolidol and 4,8-dihydroxy-5α(H)-eudesm-7(11)-en-8,12-olide, sixteen compounds were identified for the first time in M. vovidessi, contributing to the phytochemical knowledge of this Mexican medicinal plant.
Interestingly, the antimicrobial activity of M. vovidessi polyfollicles is not limited to bacteria. As shown in Table 2 , MCE, MCE-2 and MCE-3 present anti-oomycete activity against P. cinnamomi. Antifungal activity has been reported in magnolias such as M. kobu using acetone crude extracts of bark that were tested on plant pathogenic fungi such as Lepista sordida, Rhizoctonia solani, Fusarium oxysporum, Botrytis cinerea, Typhula incarnata, T. ishikariensis and Pythium aphanidermatum [39] . The latter microorganism is an oomycete which was affected in its growth. An EtOAc extract from M. obovata bark showed a growth inhibitory effect on the phytopathogens Magnaporthe grisea, Puccinia recondite and Phytophthora infestans [40] . These data support our results as we observed an inhibitory effect against P. cinnamomi that primarily affects avocado crops. In conclusion, it is clear that M. vovidessi polyfollicles contain a great potential due their secondary metabolites that can become lead molecules for the development of novel antimicrobial agents. Microbial strains: The Gram-negative bacteria strains Pseudomonas sp., Pectobacterium carotovorum and Chryseobacterium sp. were kindly supplied by Dr. Mauricio Luna Rodríguez (Universidad Veracruzana, Mexico). They were grown in King's B agar at 27 ± 1 °C. To carry out the bioassays, the bacterial solutions were adjusted to 0.5 McFarland turbidity standards (1.5 x 10 8 cfu/mL), from solutions of 24 h. Phytophthora cinnamomi was kindly donated by Dr. Alfonso Mendez Bravo (Laboratorio Nacional de Análisis y Síntesis Ecológica, UNAM). It was grown in potato agar dextrose (PDA) agar at 27 ± 1 °C. For the performance of the anti-oomycete bioassay, the strain was subcultured periodically.
Experimental
Antibacterial bioassays: The antibacterial activity was evaluated by the agar well diffusion method. To determine the Minimal Inhibitory Concentration (MIC) and the Minimal Bactericidal Concentration (MBC) values, the Broth Microdilution method was used (Details on bioassays can be consulted in Supplementary information). The MBC values were those corresponding to the well containing the lowest concentration of the fraction or pure compound without any development of turbidity and no visible growth after 18 h. The experiments were performed in triplicate and data are expressed as mean ± standard deviation [37] [38] [39] [40] .
Anti-oomycete bioassay:
To test the anti-oomycete activity of crude extracts and fractions the agar dilution method it was used on P. cinnamomi (Details on bioassays can be consulted in Supplementary information). All treatments were tested in triplicate and data are expressed as mean ± standard deviation. The percentage inhibition of mycelial growth was calculated by the mean value using the following equation: Mycelial growth inhibition (%) = [(DC-DT)/DC] x 100 where DC and DT are the averages of mycelial growth diameters and treatments, respectively [41] [42] [43] .
Phytochemical Analysis (Dereplication): LC-HRMS-QTOF analysis were carried out on a High Performance Liquid Chromatography system coupled to a High Resolution Mass Spectrometer quadrupole-time of flight (Q-TOF) equipped with an electrospray ionization (ESI) interface (Synapt G2-Si, Waters Inc.) (Details on analysis can be consulted in Supplementary information). Phenolic compounds and sesquiterpene lactones identification was confirmed by co-analysis with authentic standards on an UPLC (1260, Agilent) coupled to a triplequadrupole (QqQ) mass spectrometer (6460, Agilent) as previously reported [44] .
Chemicals and standards:
Standards of parthenolide, costunolide, quercetin, hesperidin, vanillic acid, 4-hydroxybenzoic acid and MS grade solvents used for the phytochemical analysis were purchased from Sigma Aldrich (St. Louis, USA). Standards of rutin, astragalin, p-coumaric acid, chlorogenic acid, vanillin, and scopoletine were purchased from Extrasynthese (Lyon, France). Scopoline was isolated in house. Honokiol and magnolol were kindly donated by Dr. Martin Mata (Instituto de Ecología A.C.). All the stock solutions, samples, solvents and reagents were filtered through 0.2 µm PTFE membrane filters (Phenomenex, USA) before injection in the instruments.
Optical rotations and infrared spectroscopy: Optical rotations were registered on a Bellingham + Stanley ADP440+ digital polarimeter in a cell of 5 mm. Infrared spectra were recorded on an Agilent Technologies Cary 600 FT/IR spectrometer.
Nuclear magnetic resonance spectroscopy: NMR spectra were recorded on Bruker Avance HD III 500 MHz for 1 H and 125 MHz for 13 C in methanol-d 4 . 1 H, 13 C NMR chemical shifts were calibrated relative to the solvents or TMS. The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, dd = doublet of doublets, m = multiple. Full assignments on compounds 1 and 2 can be seen in supplementary information.
